Estimates of the rate of revision septorhinoplasty and the risk factors associated with revision are unknown because the current published literature is limited to small, retrospective, single-surgeon studies with limited follow-up time.
I n the current facial plastic surgery literature, published rates for revision septorhinoplasty procedures are limited to a small number of retrospective studies, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] often focused on specific surgical techniques from a single institution or single surgeon. Many of these studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] are also limited by small sample sizes and short duration of follow-up time, making it difficult to draw clinical conclusions. The most generalizable studies 1, 5 available in the rhinoplasty literature focus on cosmetic rhinoplasties from surgeons in a single practice or institution, with revision rates of 9.8% and 11%. One singlesurgeon, single-institution study 2 published a revision rate of 4% with a sample size of 1524 patients undergoing cosmetic and noncosmetic rhinoplasty. In the literature focusing on specific rhinoplasty techniques, the revision rate varied from 4% to 15.5%. 3, 4, 7, 8 In the septoplasty literature, a large study 9 of 2168 septoplasties by any technique showed a revision rate of 3.2% among experienced surgeons, while studies 10, 11 focusing on specific septoplasty techniques showed higher revision rates of 7% to 8%. [9] [10] [11] In addition, there may be an underestimation of the revision rates reported in the literature because the authors of single-surgeon or single-institution studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] review their own respective data and do not include patients who seek revision surgery at another institution, thereby lowering the reported revision rates.
The first objective of this study was to determine the rate of revision septorhinoplasty surgery in a large cohort of patients, covering all practices (multisurgeon) and institutions, over a sufficiently long follow-up period to identify important outcomes. The second objective was to determine the risk factors associated with revision. Identification of factors associated with revision surgery allows for better education among patients and physicians regarding the likelihood of various outcomes in the postoperative period. This study uses large all-payer state databases through the Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare Research and Quality, which comprises the largest collection of longitudinal hospital care data in the United States. 12 
Methods

Study Design
This study is a secondary data analysis of a cohort of patients who underwent septorhinoplasty between January 1, 2005, and December 31, 2009, in California, Florida, or New York. The institutional review board of Washington University School of Medicine in St Louis deemed that this study was exempt from oversight by federal definitions of the jurisdiction of the review board.
Data Sources
The HCUP is a group of health care databases and related software tools and products developed through a federal, state, and industry partnership and sponsored by the Agency for Healthcare Research and Quality. This study uses the following 3 HCUP databases: the State Ambulatory Surgery and Services Databases (SASD), 12 the State Inpatient Databases (SID), 13 and the State Emergency Department Databases (SEDD) 14 from California, Florida, and New York. These statewide databases contain information from discharge records for all patients, regardless of age or payer (Medicare, Medicaid, private insurance, or no insurance). Discharge records of inpatient hospital visits are provided through the SID. Records from ambulatory surgery visits at hospitals and freestanding ambulatory surgical centers are provided through the SASD. Records from emergency department visits are provided through the SEDD. Individual patients are linked and tracked across all 3 databases with an encrypted patient-level identifier. An encrypted variable for the admission date, together with the length of stay, was used to calculate the period between visits for each patient, while keeping the exact dates encrypted to protect patient confidentiality. 12 
Study Population
Patients 13 years or older who underwent septorhinoplasty in an outpatient surgery center between January 1, 2005, and December 31, 2009, in California, Florida, and New York were identified in the SASD using Current Procedural Terminology (CPT) codes for primary and secondary septorhinoplasty. These codes included 30400, 30410, 30420, 30430, 30435, 30450, 30460, 30462, 30465, and 30520.
The index septorhinoplasty procedure was defined as the first septorhinoplasty surgery for each patient in the SASD between January 1, 2005, and December 31, 2009. In addition, patients were required to be residents of the state in which the procedure was performed to limit loss to follow-up. Revision surgery was defined as any subsequent septorhinoplasty surgery in the database between January 1, 2005, and December 31, 2012. This index group was further divided into patients whose first procedure was a primary septorhinoplasty (CPT codes 30400, 30410, 30420, 30460, 30462, 30465, and 30520) and patients whose first procedure was a secondary septorhinoplasty (CPT codes 30430, 30435, and 30450). By definition, a patient undergoing a secondary septorhinoplasty is already undergoing revision surgery; therefore, this group was analyzed separately from the primary surgery group to avoid confounding the data. Identified cases in the SASD were then linked by encrypted patient identifier to hospitalizations in the SID and emergency department encounters in the SEDD to obtain information on revision surgery rates contained within these databases.
Outcome Measures
The primary outcome measure was the occurrence of revision septorhinoplasty after an index septorhinoplasty procedure. The CPT codes listed as inclusion criteria in Table 1 were also used to define a revision surgery. The time between the index procedure and the revision procedure was recorded as well.
The secondary analysis examined the association between patient and procedural characteristics and the occurrence of revision surgery. Demographic data were defined at the time of the index procedure. Age was divided into the following 4 groups: 13 to 18 years, 19 to 40 years, 41 to 65 years, and older than 65 years. Race/ethnicity was categorized as lion residents), small metropolitan (<1 million residents), micropolitan (10 000-50 000 residents), or not metropolitan or micropolitan.
Specific comorbidities were examined to determine their possible effect on wound healing, bleeding, or patient expectations listed in Table 1 . Most patient comorbidities were defined using the comorbidity measure by Elixhauser et al. 15 This measure contains a group of 30 comorbidities using International Classification of Diseases, Ninth Revision (ICD-9) codes found to be significantly associated with in-hospital mortality. To summarize these comorbidities, van Walraven et al 16 derived and validated an Elixhauser Comorbidity Index that ranges from −19 to 89. The comorbidities were indexed and grouped by quartile to represent the overall patient comorbidity status. Patient diagnoses and additional procedures performed at the time of the index procedure were also assessed and are listed in Table 1 .
Statistical Analysis
Standard descriptive statistics were used to describe the study population, and rates of revision surgery after septorhinoplasty within various subgroups were calculated. Univariable logistic regression, applied with a statistical command (PROC SURVEY LOGISTIC in SAS version 9.3; SAS Institute), was used to calculate odds ratios and CIs around the point estimate. Because of the large sample size, the 99% CI was used instead of the 95% CI. Clustering for the hospital identifier was performed to avoid institutional biases. All patient characteristics reaching statistical significance with α = .01 in the univariable model were included in a multivariable logistic regression. Diagnostic tests, including tests of multicollinearity, were used to assure that all assumptions of the final model were met. A Kaplan-Meier curve was used to estimate the median time to revision surgery in the study population. Software programs (SAS version 9.3 and SAS Enterprise Guide; both from SAS Institute) were used for all database management and statistical analyses.
Results
Patient Characteristics and Demographics
There were 175 842 patients 13 years or older who underwent septorhinoplasty in California, Florida, and New York between January 1, 2005, and December 31, 2009. Of these patients, 172 324 (98.0%) were classified as primary cases, while 3518 (2.0%) were classified as secondary cases (Figure) . Given the few secondary septorhinoplasty cases, analysis was concentrated further on primary septorhinoplasty cases. 
Revision Rate and Timing
The overall revision rate for any septorhinoplasty procedure was 3.3% (5775 of 175 842) (99% CI, 3.2%-3.4%). After sepa- rating the patients into primary septorhinoplasty and secondary septorhinoplasty groups, the primary group had an overall revision rate of 3.1% (5389 of 172 324), while the secondary group had an overall revision rate of 11.0% (386 of 3518). Of note, 7.1% (384 of 5389) of patients who underwent revision surgery in the primary group had 2 or more revisions. Only 0.4% (770 of 175 842) of patients in the overall cohort underwent 2 or more revisions. Of patients undergoing revision surgery, the median time to revision was 1.2 years after the index procedure, while 50.0% of patients underwent revision between 8 months and 2.3 years. There was no significant difference in the time to revision surgery between the primary (1.2 years) and secondary (1.1 years) septorhinoplasty groups.
Characteristics of Revision Surgery After Primary Septorhinoplasty
The distribution of demographic and comorbidity characteristics for patients undergoing revision surgery after a primary septorhinoplasty is summarized in Table 2 . Patients in New York were less likely to undergo revision surgery (2.5%) than patients in California (3.4%) or Florida (3.4%). Patients who were 13 to 18 years old were more likely to undergo revision surgery (5.9%), whereas patients who were 41 to 65 years old (2.6%) or older than 65 years (2.3%) were less likely to undergo revision surgery compared with those who were 19 to 40 years old (3.4%). Female participants (3.8%) were more likely to have revision surgery compared with male participants (2.6%). When comparing race/ethnicity, there was a lower revision rate in blacks (2.1%) and Asians/Pacific Islanders (1.8%) compared with those of white race/ethnicity (3.1%). For insurance status, there was a higher revision rate in patients with self-pay (6.3%) compared with private insurance (2.8%). Finally, patients in small metropolitan (2.8%) or micropolitan (2.1%) areas had a lower revision rate compared with those in large metropolitan areas (3.3%).
When evaluating patient comorbidities, the number of Elixhauser comorbidities did not have a statistically significant effect on the revision rate because most patients fell within the lowest quartile of the Elixhauser Comorbidity Index (169 981 of 172 324 [98.6%]). However, diabetes mellitus (2.4%) and obesity (2.2%) were associated with a decreased revision rate, while anxiety (3.9%) and autoimmune disease or immunodeficiency (4.4%) were associated with an increased revision rate. Alcohol, drug, and tobacco use, as well as coagulopathy, did not show a statistically significant effect on the revision rates.
The revision rates for different patient diagnosis and procedural characteristics were analyzed, and the results are summarized in Table 3 . Patient diagnoses associated with functional septorhinoplasty had lower rates of revision surgery, including deviated septum (2.7%), turbinate hypertrophy (2.4%), and nasal airway obstruction (2.5%). In contrast, a cosmetic appearance (7.9%) diagnosis code was associated with higher rates of revision surgery, as was a diagnosis of acquired nasal deformity (7.3%). In addition, congenital nasal deformity (8.9%), which is associated with cleft surgery, had a higher rate of revision surgery, as did late effect of craniofacial fracture (5.9%) associated with surgery after facial trauma.
Similarly, procedure codes associated with functional nasal airway surgical procedures had lower revision rates compared with cosmetic or cleft surgical procedures. Septoplasty and inferior turbinate reduction were the most frequently performed surgical procedures and had the lowest revision rates (2.5% and 2.4%, respectively). Repair of vestibular stenosis (6.4%) had a higher rate compared with septoplasty, while primary rhinoplasty procedures had even higher rates of revision, including cartilage or tip repair (8.1%), bony repair (7.3%), and septal repair (7.2%). Cleft rhinoplasty and cleft septorhinoplasty were the least frequently performed surgical procedures and had the highest revision rates (15.4% and 16.9%, respectively). Finally, in evaluating the association between types of nasal grafts and revision surgery, there was a trend in the complexity of graft harvest and nasal repair with an increase in the rate of revision surgery. Septal grafts (6.3%) had the lowest revision surgery rate, followed by bone grafts (11.0%), conchal grafts (11.4%), and rib grafts (21.5%). The actual revisions performed after the index procedure varied based on the particular original procedure performed. A full analysis of this finding is beyond the scope of this article. However, the most common revision surgical procedures performed in those patients who underwent a primary septoplasty procedure were revision septoplasty (491 of 5099 total revision procedures [ 
Predictors of Revision Surgery
Because multiple demographic, clinical, and procedural factors were found to be associated with revision, a multivariable logistic regression was performed to identify those factors that had an independent effect on revision surgery ( 
Discussion
In this study, the overall revision rate in a large cohort of 175 842 patients undergoing septorhinoplasty with a minimal 3-year follow-up period was 3.3%. The rate of revision surgery among primary cases was 3.1%, and that among secondary cases was 11.0%. An increased revision surgery rate was independently associated with age 13 to 18 years, female sex, a history of anxiety or autoimmunity disease or immunodeficiency, acquired nasal deformity, repair of nasal vestibular stenosis, primary rhinoplasty, cleft rhinoplasty or septorhinoplasty, conchal graft, and rib graft. A decreased revision surgery rate was independently associated with age 41 to 65 years and age older than 65 years, black and Asian/Pacific Islander race/ethnicity, micropolitan location, turbinate hypertrophy, nasal airway obstruction, and inferior turbinate reduction. Because these data are derived from a large data set of patients from 3 different states, multiple surgeons, and various surgical techniques, we believe that these results are generalizable to the entire population of the United States. Furthermore, we believe that these data can be used for important preoperative patient counseling as risk factors and predictors of revision surgery specific to a particular patient. When the overall study group was divided into primary and secondary septorhinoplasty groups, patients undergoing a secondary rhinoplasty (which by definition is already a revision surgery) were much more likely to undergo a second revision surgery than patients undergoing their first primary procedure. This conclusion is evidenced by the 3.1% revision rate for patients undergoing a primary procedure compared with the 11.0% revision rate in patients undergoing a secondary procedure. In other words, patients who had already experienced one revision surgery were much more likely to undergo another procedure compared with patients who never had prior surgery. However, most multiple revisions (>1 revision surgery) occurred in a small group of patients (770 of 175 842 [0.4%]). These revision rates of 3.1% for primary cases and 11.0% for secondary cases are similar to the rates in published studies [1] [2] [3] [4] [5] [6] [7] [8] in the literature for rhinoplasty, which range from 5% for a minor rhinoplasty to 15.5% for a secondary rhinoplasty. As expected, there was a trend that, as the complexity of the index procedure increased, the rate of revision surgery increased as well. For instance, standard septoplasty had the lowest revision rate of 2.5%. The largest published retrospective study 9 to date of revision septoplasty cases (2168 patients in Scotland) found a similar revision rate between 3.2% and 4.4%. Other studies 10, 11 show a slightly higher revision rate between 5% and 8% but again are limited in sample size and follow-up and were conducted at single institutions. Patients undergoing more complex surgical procedures such as cleft septorhinoplasty had a significantly higher revision rate of 16.9%. Similarly, patients who underwent a rib graft (also indicating greater procedural complexity) had the highest revision rate of 21.5% compared with patients who only required a septal graft or conchal graft (6.3% and 11.4%, respectively). This study provides clinical normative data for the study of surgeon-specific and hospital-specific postprocedural revision surgery rates. In the era of reduced reimbursement rates for physicians and hospitals with lower-than-expected patient outcomes, it is important that insurance companies and government programs must use accurate and relevant data that reflect the current clinical environment in the United States. As an example, the Hospital Readmission Reduction Program of the Patient Protection and Affordable Care Act uses hospital readmissions as a metric of quality care and penalizes hospitals with higher-than-expected readmission rates for patients with certain conditions. 17 While financial penalties do not affect surgical procedures in 2015, penalties are likely to be potential factors in the future. As a result, large multi-institutional normative data sets can assist third-party payers with more accurate standards for revision rates of septorhinoplasty surgery, rather than basing standards on weakerpowered, single-surgeon, retrospective studies with minimal follow-up time. Future investigation by our group will in- 
